Purpose. the aim of the paper is an attempt to show the sizes of morphological features of rowers, in order to establish the type of body build proper for present requirements of this sports discipline through the determination of morphological features of the greatest importance in rowing including the type of a racing boat. Basic procedures. Analysed material includes competitors practising rowing, who were members of the Polish junior national team in this sports discipline in the period from 1995 to 2005. A group of 31 anthropometric measurements have been analysed; body composition has been measured by the BIA method, including rowing boat categories. Musculature rate for each participant was calculated on the basis of chosen somatic indicators. Collected material has been elaborated with basic statistical methods. Main findings. Rowers are characterized by the significant height of the body, large body mass and a considerably slender figure at the same time. Characteristic features are: trunk with its large length and large circumferences, long upper and lower limbs, shoulders of medium broadness, narrow pelvis, flat chest. Big musculature of upper and lower limbs which classify competitors to the group of thigh-set limbed and the considerable stoutness of the body, expressed with the thickness of skin-adipose folds, with the proportional fat content, are also characteristic features. Analysed teams show the differentiation depending on types of racing boats, with achieving larger mean features by the crew of oars, at the greater proportional participation of the fat in the general body mass.
Introduction
the top performance level in rowing depends on the various factors such as efficiency, capability, endurance and strength preparation, very high efficiency para meters, somatic build of contestants, joint movability, level of technical, tactical and physical preparation, nutrition, technological progress in constructing rowing boats and paddles, weather conditions or training process optimisation. At the same time, the difference in the body build of sportsmen is more and more de pendent on the type of the boat (paddles, oars) and particularly in rowing disciplines.
The studies of Skład et al. [1] , Forjasz, Kuchnio [2] , Schranz et al. [3] show that rowers are distinguished from the individuals who do not do sport by high body mass and body height and also significant length of upper limbs, long length of lower limbs, especially shank, significant broadness of shoulders, width of dis tal epiphysis of upper and lower limbs, high muscle measurement of limbs, especially of the forearm and pro per relationships between tissue componentsminimal adiposity and developed thin body.
Elaborating a model of leading features for juniors who do rowing can be a way for periodic assessment of the adaptation of athletes for individual training load, evaluation of preparation and development of young rowers for which the junior age is only a stage on the way to championship [4] .
the objective of this paper is to present the degree of morphological features of rowers aiming to define the body build which is proper to current demands of this sports discipline by setting the morphological factors most significant for rowing. The analysed body build model is the effect of selection to rowing, and then implementation of specific training load. The result of the research is a theoretical deliberation on the body build model of rowers and the research aim is to convey practical information to coaches which can serve as a cri terion in the process of selection to rowing and setting programs for training load.
Material and methods
the material analysed in the paper includes 277 rowers who are members of the junior national team. the anthropometric measurements were made during autumn consultations in the period from 1995 to 2005 in which the subjects called by Polish Association of rowing societies took part. the rowers examined belong to the category of juniors aged between 16 to 18 in their training seniority amounting from 0.5 year to 6 years (Tab. 1). During the research period, within the time structure of the training, the teams were in the preparation period, in the sub-period of comprehensive preparation.
the analysis included measurements of somatic fea tures, taking into consideration features especially diagnostic in the rowers' build [2, 3] : -length features: body height, trunk length, upper limb length, arm length, forearm length, hand length, lower limb length, thigh length, shank length, foot length, -width features: broadness of shoulders, broad ness of chest, depth of chest, width of pelvis, width of foot and hand, -body measurements: chest circumference (at rest), circumference of waist, circumference of hips, circumference of arm (at rest, in the half of its length), circumference of forearm (maximum), circumference of thigh (maximum), circumference of shank (maximum), -body mass, -thickness of skin and adipose folds: below the lower angle of shoulder-blade, of arm (triceps), forearm, abdomen, thigh and shank, -length between the fingertips of a man's out stretched arms (distance between anthropometric points dactylion III (da III ) of right and left hands at uncrossed upper limbs). the measurements were taken according to the principles of anthropometry with the use of classical in strumentarium. Body mass measurement was made with electronic scales (accurate to 0.1 kg); length measurements were made with anthropometer (accurate to 0.1 cm), width measurements -with a small and big spreading caliper (accurate to 0.1 cm); circumferences were made with an anthropometric tape (accurate to 0.1 cm), thickness of skin and adipose folds were marked with skinfold caliper (accurate to 0.2 cm), and horizontal measurement of the stretched upper limbswith an anthropometric tape (accurate to 0.1 cm).
Moreover, the composition of the body tissue was measured with the use of bioelectrical analysis of impedance, determining the amount of water, fat and thin body in the organism. In the research a bio analyser of body composition called "spectrum Lightweight II" was used.
the questionnaire data gave information on the age and training seniority of the subjects (tab. 2).
to perform all the examinations the consents of Bioethical Committee at Poznań University School of Medicine (No. 1758/03), Coach of Junior Team and participants were given.
Musculature rate for each participant was calculated on the basis of chosen measurements: arm, forearm, thigh, and shank (circumference × 100/length) and in di cators: trunk (sstsy × 100/BV), shoulders (aa × 100/ sst-sy), pelvis (ic-ic × 100/aa), chest (xiths × 100/ thlthl), Rohrer (body mass [g] × 100/(BV) 3 [cm]). Collected material was elaborated with basic sta tistical methods, counting arithmetic mean (M) and standard deviation (δ) of individual features for all exa mined teams depending on the type of rowing boats (paddles, oars). Significance of differences in feature means was estimated with the use of critical value of student's t distribution on the basis of "t" test for independent samples.
Results
In the period included in the analysis (tab. 2 -9, Fig. 1-4) , in the male crew, the changes of length measurements expressed by the body height, length of upper and lower limbs were not significant; among width measurements, the broadness of shoulders and the width of foot decreased while the chest width increased. Estimating the changes in body circumferences, there were no significant differences except for a de crease in hips and forearm circumferences as well as an increase in shank circumference. the body mass has not fluctuated significantly with a distinct decrease of fat layer thickness. the changes in muscularity of limbs consisted in the increase in arm and thigh circumfe- forearm, were noted. During the last year of observa tions the team using oars was characterized by larger circumferences of chest, hips, forearm and shank and the rowers using paddles were characterized by larger circumferences of waist, arm and thigh. the average distance between the fingertips of a man's outstretched arms in the years 1999 -2005 has changed from larger values among participants using paddles to larger ones rences in relation to their lengths and the muscularity of forearm and thigh -circumference decreased in relation to their length. Analysing the somatic build of rowers, taking into account the type of rowing boat, larger means of all analysed width features, body mass, thickness of skin and adipose folds and the length features in the crew of long paddles with the exception of the length of the in the crew of oars. Analysing the quotient rates of body proportion in the crews of paddles and those of oars during the 10year observations, no sig ni ficant diffe rences between the groups were noted. the participants of both categories of racing boats according to the accepted classification were characterized gene rally by narrow pelvis, medium broad shoulders and flat chest.
Discussion
In the last few years, professional sport has undergone transformations. there could be observed changes such as the increase in sports results level, the range of sports disciplines as well as the number of competitions in each sport. A systematic solution to problems connected with preparation of training process taking into account the level of special efficiency of participants, technical, tactic, psychical preparations and other special requirements and scientific basis of training has become very important. several-years' observations of cham pions make it possible to bring forward a hypothesis that the sports performance in rowing, to a large degree, determined by somatic build of participants, is also connected with their age [1, 2, 5, 6] . Therefore, it was decided to describe the somatic build of this sports discipline athletes who belong to the junior national team and succeed in sports competitions of European and world ranks. In the years 1995 -2005, in the Junior World Championships, Polish contestants won 16 me dals in total (9 were won by men and 7 by women), in cluding 3 gold, 5 silver and 8 bronze ones, and 34 teams took part in the final race (positions I -VI).
On the basis of crosssectional study, it is very diffi cult to settle which elements of morphological build are the result of the body shaping training and which of them were subject to the process of selection. the feature which without doubt can be recognized as a selecting element is the body height, a feature marked by osseous measurements. skeleton growth is genetically conditioned and is subject to the endocrine system but is also shaped within reaction standard under envi ronmental conditions. the body height as well as other body measurements based on osseous measurement can reflect beneficial and nonbeneficial influences which take place before the end of the growth period. In rowing, more suitable sportsmen are the ones with a high value of this feature, which very often exceeds the standard of population and, at the same time, the higher the sports level is, the higher the value of this feature [1, 7] . The subjects under examination who be long to the junior national team confirm the aforemen tio ned direction of selection, giving way to the world leading sportsmen of this discipline [1, 7] . Nevertheless, taking into account the young age of junior rowers, it can be assumed that their skeleton growth has not ended yet. the length measurements of body -body height, length of trunk, length of upper and lower limbs in numerous technical disciplines, also in rowing, are impor tant as a lever system, which means that their suitable measure ments allow for work in the optimal angle range. Easi ness of this work depends on movability of joints used in the biomechanical system of rowing cycle, mostly hip joint, shoulder joint, tarsal joint [4] . there are mu tual relations between somatic conditions, boat posi tioning, paddles and other factors which de termine indi v idual technique of rowing and consequently influence the speed of boat. Technical perfection in rowing can be developed only by a vast use of motion and mechanical conditions of rowers. the crucial role is played by long upper limbs which allow rowing in the optimal range of angle work of a paddle and an oar as well as significant length of lower limbs, whose muscles are one of the main motive powers while performing rowing cycle [4] .
Physical activity is known to influence bones mine ralization which leads to their thickness and mass enlar gement. Moreover, this process is enhanced by shaping function of muscles which makes the places of their attachment thicker. Hence, in individual sports disciplines the dominance of width features is clearly marked in these parts of the skeleton which are most engaged in the training process. This is justified by the fact that the width features are slightly less con trolled genetically. In the team of men under exami na tion, during the 10-year period of analysis, the decrease in shoulder broadness and increase in chest were noted. Interannual changes in the analysed features should be connected with the young age of participants, uncompleted skeleton growth and the annual changes in composition of subjects who belong to the national team. All of them influence the differences between means of fea tures of succeeding years of examinations.
Undoubtedly, intense and systematic physical exercises, especially sports training at high level, make adap tive changes appear in the muscular system. According to Secher [8] and Steinacker [9] in the out standing rowers' muscles which are most engaged in the sports discipline, there are from 70% to 85% slow contractile muscles being the factor predestinating to do resistance disciplines. In well-trained participants, the density of mitochondria is very high and increases with the increase of training level. Hypertrophy of the muscle groups with the major participation in rowing, is clear. The greatest influence on the development of the muscular system is exerted by weight training, whereas the resistance training leads to the development of more slender muscles of smaller circumferences.
In the years 1995 -2005, in the team of examined men, the decrease of the hip circumference, slendering of the forearm and the enlargement of the shank circum ference were found, which should be related to the specificity of this sport. The findings were confirmed by Pietraszewska [10] and Skład et al. [1] , who among the features especially important in the body build of rowers mentioned large muscular circumferences of limbs, especially the forearm.
the body mass and thicknesses of the skin-adipose folds belong to the group of features recognised as very much ecosensitive. Physical effort and immediate influence of socioeconomic circumstances leave their own significant trace on these features. The analysis allowed us to notice the growth of the rowers' body mass, however these changes are statistically insig nificant. This is related to the requirements imposed on sportsmen. Apart from much stamina which should characterise the rower, the skill of developing considerable muscular power is also essential, because along with the necessity of executing a number of repetitions of the rowing move ment, it is essential to give as much force as possible into every pull. the best way of the growth of the working muscles strength would be enlar gement of muscle mass, and consequently also the body mass. How ever, growth of the body mass would make it diffi cult to move the boat. Examined participants compared to the contestants of the Olympic Games who practise this sports discipline, are characterized by lower body mass [1, 7] .
Within the analysed years one observes a decrease in skin-adipose folds thickness in the analysed crew. the subcutaneous fat includes about 50% of the entire fat of the organism; it reacts especially quickly to changes happening, among other things, under in fluen ce of physical exercises and sport training. the extension of the motive activity makes for the reduction of the adipose mass. the undoubtetly great importance should be attributed to socioeconomic events and to noutrition. Competitors practising rowing are forced by the re quire ments of this sport and the competition to maintain the right weight-growth proportions. Numerous consultations and sports camps dedicated to the correct nutrition have a beneficial influence on the level of the sub cutaneous adiposity. the observed maintenance of the body mass at the similar level for the 10 analysed years at the same time keeping or diminishing the adipose layer is connected with the enlargement of the analysed circumferences of limbs and consequently with enlarge-ment of the musculature. This is confirmed by the growth of average values of the musculature rate of the shoulder and shanks and the positioning of competitors in the year finishing the cycle of study in the thickset limbed group with the exception of the average rate of shank muscularity.
Aiming to show predispositions of the subjects to achieve high sports results, an attempt has been undertaken in this paper to compare the average so matic features analysed with the findings of rowers taking part in the World Championships or the ones who are the members of the Olympic team, whose body build can be recognized as a model in this discipline. Comparisons of the average somatic features analysed in teams of juniors of the top sports level, both in the country and in the world [11] show that Polish athletes are cha racterized by a considerably greater thickness of fat layer, smaller broadness of shoulders and pelvis, greater musculature of bottom limbs; men -also with the lower mass of the body, and women -with smaller length of the upper limb. According to the somatic criteria accepted in rowing, it seems that the body build of rowers who take part in the World Championships predisposes them more to achievements at a champion level. Expected tendencies of morphological feature changes in Polish teams aim mostly toward a decrease of the adiposity.
In the present study one also accomplished analyses of the somatic features of rowers using short and long paddles. the technique of oars rowing does not differ from paddles rowing. the differences result from the use of only one and not two paddles and the unsym metrical work of the whole rower's body. Analysing the results ob tained, it was found that in the year closing the cycle of research, higher means of all the analysed features were reached in the crew of oars.
Models of the competitors' body build depending on rowing competition, generally known from the literature [1, 11, 12] are confirmed in the examination of young rowers. However, the literature lacks in detailed information concerning the body build of rowers, with division into types of racing boats (paddles, oars). sportspersons of junior category, due to their young age, are not assigned to only one competition, whereas the type of the boat remains invariable (according to interview with the Coach of Junior team). the ten dencies of morphological feature changes shown were confirmed by the study of Krupecki [7] , who indicated significant differences between rowers -par ti cipants in the Olympic Games in Barcelona and Atlanta -using paddles and oars. He showed that the athletes using paddles had smaller body height (by 2.6 cm) and lower body mass (by 2.8 kg) than rowers using oars. The ob served differences between sportspersons, clearly appeared at the turn of the years 2000 and 2001, especially in body circumferences and thicknesses of skin-adipose folds. this situation, as one may suppose, could be caused by more severe criteria of selection, optimization of training process, better competence of coaches supported by scientific findings, especially on physiology and biochemistry [13 -18] as well as an thro pology. the body build is only one of the de ter mi nants in the crew selection, depending on the types of racing boats. Among other factors, one ought to men tion: the ability of differentiating kinesthetic move ment ("the feeling of the boat, feeling of the paddle"), fancies and psychical predispositions of the sportsperson (in dividual or team rivalry, the skill of cooperation in the group) or the reserve team of the rowing club.
Executing analyses of the rowers' body proportion comprising the years 1995 -2005, insignificant changes in the mean of somatic indicators were found, except for a cha racteristic decrease of the shoulder broadness in relation to the trunk length and of the chest depth to its width, in the male team.
Estimating quotient indicators of the body pro portion in the group of paddles and oars crew, within a 10-year observation period, no essential differences between the groups compared were noted. rowers of both categories of racing boats, according to the ac cepted classification, were characterized by generally narrow pelvis, medium broadness of shoulders and flat chest. One established the shortening of the trunk length in relation to the body height of oarspersons together with slendering of the body build and lengthening of the trunk in relation to the body height and decreasing of the slendering degree in the group of paddles athletes. the phenomena of slendering and body measurements' decrease, especially in oars multi-rower crews, e.g. eights, was also noticed by Skład et al. [1] , indicating the necessity of maintaining the above tendency so as not to influence negatively the speed of the boat and to level much resistance of the boat in the water en vi ronment, and perhaps less significant -air resis tance. there fore, the authors suggest selecting indivi duals of more slender and more delicate skeleton and musculature to multi-rower crews, though it can happen at the cost of the decrease in rowers' strength. this was confirmed by the observed crew slendering of eights par ticipating in the Olympic Games in Barcelona.
In the present paper, changes of components of the rowers' body, within 1999 -2005, were also comprised. they are characterized by highly eco-extensive features which change their own proportions under influence of the activity of different exogenous factors of the de velopment, physical activity included. sportspersons of the top sports performance are distinguished by a considerable fat reduction and a strong development of the active tissue. the teams examined showed the decrease in the water percentage in the body composition, the dry mass showed the decrease of the proportional content, reversely to changes of fat component. taking into account categories of racing boats one noticed higher percentages of water and dry mass in the group of athletes using paddles, and a proportionally higher content of the fat component in the group of competitors using oars. thus, one ought to suppose that the higher level of the adipose mass in rowers using oars is conditioned by predispositions of the somatotype to this category of racing boats. While comparing the body composition means obtained on the basis of author's own research with the research of rowers of similar age, participants in world championships [19] and com petitors who belong to athletic clubs in Poznań [20] , one found that rowers of top level performance were characterized by the lowest percentage of fat; competitors of the junior national team examined in 1999 were characterized by proportionally a little higher fat content. It can be supposed that an increase of the level of training causes a bigger reduction in fat percentage.
Various authors, based on examinations of profes sio nal rowers taking part in sports events of the highest rank, show a tendency to an increase in the adipose tissue content. Among the participants in the Olympic Games in Montreal, 7.8% of the fat mass in male rowers and 15.2% in female rowers were reported [21] , and in the Polish rowers taking part in the Olympic Games in Barcelona the percentage of the adipose mass amounted to 9.3% [1, 6] . These findings would explain the increase in fat component in the examined junior rowers in the years 1999 -2005. the data refer to athletes of the open weight category, because the body mass and the composition of lightweight competitors' body is a separate problem due to weight limit regulations. Male rowers and female rowers from the Polish Junior team belong to the open weight cate gory because of their young age. Participation in the lightweight category is connected with (most often) the necessity of lowering the body mass to the limits imposed by the regulations not always only at the cost of the adipose mass, but also the lean mass or dehy dration of the organism, leading to decreases in strength and physical efficiency.
In the complex approach to the obtained findings one can state that rowers of the national junior team are characterized by a significant height of the body, high body mass and at the same time a considerably slender figure. Characteristic features are: trunk with its large length measurements and large circumferences, long upper and lower limbs, shoulders of medium broadness, narrow pelvis, flat chest. Big musculature of upper and lower limbs, which classifies rowers to the group of thigh-set limbed, and the considerable fatness of the body expressed by the thickness of skin-adipose folds with the proportional fat content are also characteristic features. Analysed teams show the differences based on types of racing boats, where the teams of long paddles obtain higher mean features having higher proportional fat share in the general body mass.
Using model characteristics of sportspersons who practise various sports disciplines and take part in competitions, observations and analyses of post-training effects, are essential. sports results have reached such level that without the search for new ideas of analyzing a training process and without applying new tech nologies to elaborate the information available, there is no chance to compete with the best sportspersons in the world. the knowledge collected from a range of different scientific fields, anthropology included, will make it possible to throw light on mechanisms of shaping efficiency, to estimate the reason of observed stabili za tion of achievements, to ascertain its temporary or permanent character and also to express more precise principles of the development of the training level. Due to such analytical concept, one will be able to face the challenge of dynamically developing professional sport.
Conclusions
Summing up the considerations, the following findings and conclusions were drawn.
In the years 1995 -2005 vital changes in the construction of morphological build of rowers occurred, appearing in the change of direction and dimensions of features. transformations of the body build model are the result of changes being the participation of the human population, the reasonable selection of rowers, optimization of the training process and constructional requirements of rowing equipment.
the selection of competitors to rowing teams leaves the trace in the body build based on the type of racing boat.
Elite rowers must satisfy the criteria of morphological build, and the level of these requirements is adapted to the specificity of this sports discipline and types of racing boats.
